The study was carried out to establish a formaldehyde (FA) detection method in smoked meat products with ultra-performance liquid chromatography (UPLC) method. The high-performance liquid chromatography method was developed by using steam distillation as extraction method and then derived by2,4-dinitrophenylhydrazine (DNPH). The final optimum conditions of derivatization for UPLC method were determined as follows: DNPH dosage of 0.3 mL, derivatization temperature of 60°C, derivatization time of 60 min, and twice extraction. This method was further applied to determine the content of FA in the smoked meat products from five companies. The internal FA in the smoked meat products ranged from 25.55 mg/kg meat to 49.20 mg/kg meat, and the surface FA was 34.04 mg/kg meat to 165.25 mg/kg meat. Thus, this study establishes a simple, fast, and reliable method for the analysis of FA in smoked meat products.
Introduction
Smoked meat product has been popular all over the world for its easy preservation and unique smoky flavor. However, these meat products have been indicated to be harmful to health due to presence of formaldehyde (FA) and polycyclic aromatic hydrocarbons. [1] FA contents in some meat products could be even as high as 125 mg/kg wet weight. [2] Many methods have been applied to quantify the amount of FA in different food products including coffees, [3] beers, [4] bovine milk, [5] fishes [6] , and fruit juice. [7] Weng used heated polydimethylsiloxane microfluidic chip to establish a rapid and simple method for detecting the FA with very small amount of non-smoked food samples (Shiitake mushroom, Pork, Pear, seafood and crustaceans, Ginseng). [8] Wahed et al. applied a sensitive high-performance liquid chromatography (HPLC) method to determine FA in mango, fish, and milk. [6] Bianchi F. et al. determined the FA, which is known to form postmortem from the enzymatic reduction of trimethylamine-N-oxide, in 12 sea fish species under different circumstances by SPME extraction and GC-MS analysis. [9] Enzymatic method for fish muscle tissues of frozen hake and cod, as well as of freshly killed carp [10] and electrophoretic method for wines and water [11] have also been utilized in FA assay. Wani et al. indicated HPLC-MS/MS method also could be reliable for pharmacokinetic and toxicokinetic study in both animals and humans by determining irbesartan, telmisartan, hydrochlorthiazide, and abiraterone, the results showed that the method was simple, rapid, and highly sensitive. [12] [13] [14] [15] The detection methods described above were not capable of being used for the detection of deposited FA in smoked meat product due to skin, adipose, and muscle tissues with dry and hard texture. Zhu et al. established a spectrophotometry method for extracting FA from smoked meat product. [2] Nevertheless, the detection of FA in smoked meat product by HPLC was rarely reported. Thus, the purpose of this present work was to develop an accurate, sensitive, and selective UPLC method for determining FA in smoked meat product by deriving with 2,4-dinitrophenylhydrazine (DNPH).
Materials and methods

Materials and reagents
Smoked meat samples were purchased from the Meicheng market in Anhua, Hunan Province. Five kinds of vacuum packaged samples (No. 1-5) were bought in supermarkets from five cities of China (Wuhan, Chongqing, Changsha, Meishan, Huaihua). A FA standard was obtained from Sigma Chemical Co., Ltd. (St. Louis, MO, USA). Concentrated hydrochloric acid was purchased from Nanjing Chemical Co., Ltd. (Nanjing, China). Phosphoric acid was purchased from Sinopharm Chemical Co., Ltd. (Shanghai, China). DNPH was purchased from Chengdu Kelon Chemical reagent factory (Chengdu, China). Dichloromethane and methanol were purchased from TEDIA Company (Ohio, USA). All of these chemicals were analytical grade, and methanol was chromatographic grade.
Apparatus and device
Satisfactory separation of the FA-DNPH derivative from the DNPH substrate was achieved by Agilent 1290 (Palo Alto, CA, USA) and Bruker 320 GC-MS (Bruker, Germany) systems. The ultra-performance liquid chromatography (UPLC) was equipped with a Zorbax Eclipse Plus C18 column (50 mm × 2.1 mm i.d., 1.8 μm) (Palo Alto, CA, USA). The GC-MS system was equipped with a Pulverizer (FW135, TaiSiTe instrument Co., Ltd, Tianjin, China) and a DB-5 capillary column (30 m × 0.32 mm × 0.25 μm).
Sample preparation
The distillation of smoked meat product was measured by a modified method of Zhu et al. [2] Two grams of distillated smoked meat sample solutions was finally diluted to 250 mL. The 2 g mince of smoked meat sample was weighed into 10 mL deionized water, and the mixture was homogenized at 5000 rpm for 20 s in an ice bath. The sample was centrifuged at 2000×g for 10 min at 4°C after standing for 2 h. A mixture of the homogenate and 3 mL 10% phosphoric acid solution was transferred into the distiller. The water coolant flow rate was limited in a certain value at 2.2 × 10 −5 m 3 /s, and the receiving device with 10 mL of double distilled water was put in an ice bath. After distilling for 50 min, the distillate was diluted to 250 mL. The blank was distilled with deionized water instead of smoked meat samples using the same process.
Physicochemical characteristics of smoked meat products The moisture content was determined by drying the meat products at 100-105ºC until a constant weight was reached (ISO 1442 (ISO :1997 . [16] Total lipid content was extracted from smoked meat products according to the method described by Folch et al. [17] by homogenizing 20 g of minced muscle in 250 ml of CHCl 3 :MeOH (2:1 v/v).
Solution preparation
Analytical-grade chemicals used were of the highest purity available from their sources. The 10% phosphoric acid solution was prepared by diluting 10 mL of phosphoric acid to 100 mL with deionized water. The DNPH solution was prepared by dissolving 100 mg DNPH in 24 mL concentrated hydrochloric acid, and then the mixture was diluted to 1000 mL with deionized water.
UPLC analysis
The preparative sarcodous distillate and DNPH was derived for the detection of FA by UPLC in this experiment. Dosage of DNPH, temperature, and time of water bath, and times of extraction were chosen as four factors of the single factor experiment. Added 1 mL sarcodous distillate to proper amount of DNPH solution, the mixture was then heated in the water bath at a certain temperature for a period. After it, the mixture was cooled to ambient temperature using running water. Then, 2 mL of dichloromethane was added for extraction. The homogenized sample was centrifuged at 5000×g for 2 min at 4°C, and then was extracted with 1 mL of dichloromethane for certain times and dehydrated by sodium sulfate anhydrous column following by freeze-drying. The extract powder was dissolved in 1.0 mL chromatographic pure methanol, filtered through a 0.22 µm microporous syringe filter, and then stored at 4°C in a refrigerator for UPLC analysis.
Chromatographic conditions
The mobile phase contained a mixture of methyl and water in a ratio of 55:45(v/v). Analysis was performed at a flow rate of 0.5 mL/min and column temperature of 40°C. The detector wavelength was decided by the maximum absorption wavelength of the wave scanning of FA-DNPH at 210-400 nm. The injection volume was 1 μL because of the high performance of UPLC.
Wave scanning of FA-DNPH
The 1 mL of 2.5 μg/mL FA standard solution was treated with 0.4 mL of DNPH solution, and then the mixture was heated in the water bath at 60°C for 60 min. After the mixture was cooled to ambient temperature (25°C), 2 mL of dichloromethane was added twice for extraction. The subnatant of extraction was mixed and dehydrated by sodium sulfate anhydrous column, and then dried to constant weigh in 60°C water bath. The 1.0 mL of cooled chromatographic pure methanol was used to dissolve the residue. The FA-DNPH' methanol solution was filtered through a 0.22 µm microporous syringe filter for UPLC analysis at 210-400 nm.
Derivation procedure
The determination of dosage of DNPH could ensure the adequacy of DNPH dosage during the detection process of FA. The selected concentration and the dosage of FA standard solution were 10 μg/mL and 1 mL, respectively. One milliliter of FA standard solution was added into 5 mL colorimetric tubes with plug, and then 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, and 0.40 mL of DNPH solution was added respectively before the treatment in the water bath at 60°C for 60 min. The procedure above mentioned was the same with apply to be appropriate for derivation temperature and time to optimize the elution condition. The differences were the mixture of FA standard solution and DNPH solution was placed in the water bath at 30, 35, 40, 45, 50, 55, 60, 65, and 70°C
. The derivation time set for 10, 20, 30, 40, 50, and 60 min, respectively. After cooling to the ambient temperature with running water quickly, 2 mL of dichloromethane was added. The mixture was then extracted by vortex mixers for 1 min, and then centrifuged at 5000×g for 2 min at 4°C. The supernatant was then extracted and centrifuged again at 5000×g for 2 min at 4°C. Sodium sulfate anhydrous column was used to dry the extraction supernatant until reaching constant weight. To dissolve the residue after cooling down, 1.0 mL of chromatographic pure methanol was added. Then the mixture was filtered through a 0.22 µm microporous syringe filter for UPLC analysis.
Calibration
The calibration curve was plotted taking peak areas of the FA-DNPH derivative obtained for FA standard solutions at 0, 1, 2.5, 5, 7.5, 10 μg/mL, respectively which later reacted with DNPH under the optimized conditions as described in 2.5.1. The peak area of FA-DNPH derivatives (Y) was considered as ordinate and FA mass concentration (μg/L, X) as abscissa to draw the standard curves after the UPLC and GC-MS analysis.
Verification tests
Recovery, accuracy and detection limit were determined with the following methods for the UPLC and GC-MS established.
Recovery of standard addition: To determine the recovery of standard addition, FA solution was added in levels of 20, 40, and 60 mg/kg to smoked meat samples. The recovery of standard addition was calculated using the following formula:
where V 1 is the amount of FA after adding FA standard solution; V 2 is the amount of FA without adding FA standard solution; C means the added amount of FA standard solution in sample. Relation standard deviation: The repeatability relative standard deviation (RSD) and reproducibility RSD were conducted with a sample size of six.
Detection limit: 1 mL distilled sample solutions was diluted and then reacted with DNPH. When the peak height was about three times of that of Signal Noise, the sample concentration was exactly the detection limit. The noise peak height could be determined by recording the height of the baseline noise peak after amplification against a relatively milder section of baseline as reference.
Statistical analysis
One-way analysis of variance (ANOVA) and correlation analysis were performed with SAS 9.0 (SAS Institute Inc., Cary, North Carolina, USA). The means were compared by Fisher's least significant difference test (LSD). Differences were considered significant at p < 0.05.
Comparison with spectrophotometry and UPLC methods
UPLC Method was compared with colorimetric method in the detection of FA, and UPLC was applied to investigate the FA in market smoked meat products.
Results and discussion
UPLC analysis
Scan of FA-DNPH: The ultraviolet spectrum of FA-DNPH between 210 and 400 nm is shown in Figure 1 . The maximum adsorption wavelength was determined as 356 nm. Thus 356 nm was selected as the analysis wavelength in latter UPLC analysis.
Effect of the dosage of DNPH on the derivatization of FA: The effect of the dosage of DNPH was examined from 0.05 to 0.40 mL (Figure 2) . The peak area of FA-DNPH increased from 317.8 to 463.2 with the dosage of DNPH increased from 0.05 to 0.30 mL. The peak area of FA-DNPH had no significant change after 0.30 mL (p > 0.05). The results suggest that the peak area was increased with the added DNPH amounts until 0.30 mL of DNPH. The constant reaction yield of 98% was obtained by Tuss (1982) at molar ratios of DNPH/FA higher than 40. Zegota (1999) obtained at molar ratio of DNPH/FA was higher than 5. Compared to these results, the present result of molar ratios of DNPH/FA (4.55) was much less. Tuss et al. indicated sectional decomposition of FA-DNPH derivative in acid solution may lead to derivatization efficiency at low molar ratios of reactants reducing. [18] They demonstrated this view by dissolving pure derivation in 1M HCl solution and found that the FA-DNPH content decreased while the DNPH content increased. Considering the reaction yield of FA-DNPH and saving reagent, the dosage of DNPH was determined as 0.30 mL.
Effect of derivatization temperature on the derivatization of FA: The derivatization temperature could influence the extraction and derivation of FA. The derivatization temperature was gradually increased by 5°C from 30 to 70°C (Figure 3) . Correspondingly, the peak area of derivative increased from 40.02 to 62.58. When the derivatization temperature was over 60°C, the peak area of derivative decreased remarkably due to effumability of FA. Thus the derivatization temperature of 60°C was chosen in this study. Effect of derivation time on the derivatization of FA: The effect of derivation time ranging from 10 to 60 min on the derivatization of FA was investigated (Figure 4 ). The derivation time had an influence on the peak area of FA-DNPH. The peak area was significantly increased (p < 0.05) from 43.18 to 62.01 with the time from 10 to 40 min. However, there was no significant change to the peak area when the time was longer than 40 min (p > 0.05). Thus 40 min was selected in the following experiment.
Effect of extraction times on the derivatization of FA: To obtain the highest recovery of FA, a series of extraction times, including 1, 2, 3, and 4 times extraction, were used to optimize the elution condition ( Figure 5 ). The peak area of two times extraction (62.91) was 9.11 higher than that of once extraction, and was not further enhanced with the increased extraction times. The results mean that the peak area of two times extraction was significantly higher than that of once extraction (p < 0.05) while the difference in the peak areas among twice extraction, three times extraction, and four times extraction was not significant (p > 0.05). The possible reason may be that the derivatives were not extracted completely in once extraction while twice extraction extracted the derivatives completely. In this work, twice extraction was selected as the final extraction times.
Calibration curve
The standard curve was plotted by peak areas of the FA-DNPH derivative obtained at levels of 0, 1, 2.5, 5, 7.5, and 10 μg/mL of FA standard solution ( Figure 6 ). The calibration curve (y = 46.414 × −3.1823) was conducted with a sample size of 3. The calibration curve showed a correlation coefficient (r 2 = 0.9994) for FA-DNPH derivative.
Verification and comparison of UPLC and spectrophotometry method
Both developed UPLC method and the spectrophotometry method were applied for the quantitative determination of FA in smoked meat products. [2] The comparative results are showed in Table 1 . Repeatability RSD of spectrophotometry method was 2.67%, while UPLC was 0.57% less. Reproducibility RSD of UPLC method (4.98%) was 1.56% less than that of spectrophotometry method (6.54%). The result was also lower than that of Wani et al., who used an immunosensor to detect thyroxine and triiodothyronine in serum. In that study, the precision results (%RSD) of calibration curves did not exceed 9.03% in case of triiodothyronine and 11.87% in case of thyroxine. [19] However, when FA biosensors were used to determine the formalin in fish samples, it had good RSD which was less than 1%. [20] Detection limit of spectrophotometry method (0.46 μg/g) was 1.84-fold of UPLC method. By comparison, when ELISA was used to measure thyroid-stimulating hormone for diagnosis of thyroid disease, the limit of detection of the immunosensor was 0.4 mIU L −1 , which caused 10% inhibition of the maximum signal. [21] Besides, UPLC method showed high recovery of standard addition (86.71-93.08%) than spectrophotometry method (78.97-89.23%).
In general, compared with spectrophotometry method, the present method showed advantages of high recovery and sensitivity, and lower detection limit. Furthermore, the published methods were mainly applied to determine FA in mushroom, beers, sea fishes, fruit juice, pork, pear, crustaceans, ginseng, wines, and water, but none of them was applied to smoked meat products. The developed UPLC method provides an alternative technique for the determination of FA in smoked meat product.
Application of UPLC method
Traditional smoked meats and sausages are popular in for its smoky flavor and attractive color. Here the commercial samples from five companies were selected to investigate FA content by the developed UPLC method. FA content of surface layer and internal part of these meats was detected ( Table 2 and Table 3 ). The results showed that FA contents of the Note: The results of spectrophotometry methods were come from the research results [2] of our laboratory before the present study.
surface layer in all of five samples were much higher than that of internal FA (p < 0.05), indicating that FA was mainly deposited in the surface layer of smoked meat products and migrated into the internal. The highest FA amount in the surface layer of the third sample was 176.61 mg/kg meat among the five samples. The fifth sample, whereas, had the lowest FA. The probable reason was due to smoking temperature and duration. In general, meat was smoked under 50~75°C for 2-10 d in China. Therefore, the longer smoking duration was associated with the less moisture content. Negative correlation was found between moisture content and FA in the surface layer (r = -0.97, p < 0.01). The result was supported by Ledesma et al., [22] who showed that the Chorizo sample O (extra quality products, a typical Spanish smoked meat product) with the highest benzo(a)pyrene (BaP) content had the lowest moisture content as BaP and FA were generated and deposited on the surface of smoked meat. [23] This could suggest FA content increases as the moisture content decreases, which could occur when increasing smoking time. [24] In view of maximum daily dose reference of FA (0.2 mg/kg body) of the US Environmental Protection Agency (1999), [25] consumption of 70 g of a smoked meat product like the third sample should be avoided for a person with 60 kg body weight.
Conclusion
In this work, an UPLC method was validated for the quantitative determination of FA in smoked meat products. The method was developed by using steam distillation as extraction method and then derived by DNPH. It had a detection limit as low as 0.25 μg/g, and the recovery of standard addition ranged of 86.71-93.08%. The results demonstrate that the method showed some advantages such as good linearity, accuracy, and precision with less detection limit compared to spectrophotometry method. These results are successfully applied to control the quality of smoked meat products. The method is fit-for-purpose and would be suitable as reference method to estimate FA in other kind of food. Note: FA: formaldehyde Surface sample was the 0.5 cm-thick layer of the surface of the smoked meat products, the rest meat was the internal part.
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